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(54) MICROWAVE DIELECTRIC PORCELAIN COMPOSITE, AND ITS MANUFACTURE, 
(57)Abstract: 

PURPOSE: To provide a microwave dielectric porcelain 
composite of simple composition in which Qu, &epsi;r, 
and xf are all maintained within practical characteristic 
ranges, while indicating a high sintering density. 
CONSTITUTION: A composite is expressed by a 
composition formula of (1-x)Ti02- xSn02, where 0.8< 
x<1.0. Espacially, with x=0.9, and a baking temperature 
of 1375°C, then Qu=5040 (7.1GHz). &epsi;r=14.0, and x 
f=+1.2ppm/°C, which achieves excellent performance of 
the maximum Qu value and xf around 0, though &epsi;r 
is relatively small. This composite is manufactured by 
mixing titanium oxide (IV) powder with tin oxide (IV) 
powder, temporarily baking this mix to be temporarily 
baked powder, crushing the temporarily baked powder, 
moulding it in a specified form, and then baking it at 1275-1400°C. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows t h e W ord which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Empirical-formula (1-x) Ti02-xSn02 Dielectric-ceramics-for-microwave porcelain 
constituent characterized by the bird clapper from the composition expressed with [, however 0.8 
<=x<1.0]. 

[Claim 2] Empirical-formula (1-x) Ti02-xSn02 The manufacture method of the dielectric-ceramics-for- 
microwave porcelain constituent which mixes titanium oxide (IV) powder and tin-oxide (IV) powder so 
that it may become [, however the composition shown by 0.8 <=x<1.0], carries out temporary quenching 
after that, manufactures temporary-quenching powder, grinds this temporary-quenching powder, 
fabricates in a predetermined configuration, and is subsequently characterized by calcinating at 1275- 
1400 degrees C. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the dielectric-ceramics-for-microwave porcelain 
constituent in which high sintered density is shown, maintaining each of unloaded Qs (only henceforth 
Qu), specific inductive capacity (only henceforth epsilonr), and temperature coefficients (only 
henceforth tauf) of resonance frequency in the practical property range, if it says in more detail about a 
dielectric-ceramics-for-microwave porcelain constituent, this invention is used for the impedance 
matching of a dielectric resonator, a microwave-integrated-circuit substrate, and various microwave 
circuits etc. in a microwave range. 
[0002] 

[Description of the Prior Art] It has a high unloaded Q and a high dielectric constant in the dielectric 
resonator and dielectric substrate which are generally used for RF fields, such as microwave and a 
millimeter wave, and, moreover, they are expected what has the small absolute value of resonance 
frequency. That is, since a dielectric-ceramics-for-microwave porcelain constituent (only henceforth a 
dielectric porcelain constituent) is in the inclination for dielectric loss to become large as operating 
frequency serves as a RF, a big dielectric porcelain constituent of Qu is desired by the microwave range. 
Moreover, as an empirical-formula (1-x) Ti02-xSn02 system dielectric porcelain material, the thing of 
0.5 is known for x ("ceramic engineering handbook" (issue : Ceramic Society of Japan, P. 1885).). 
[0003] 

[Problem(s) to be Solved by the Invention] However, above-mentioned Ti02-Sn02 At system dielectric 
porcelain material, Q (7GHz) is 4500 and epsilonr. Although it was as large as 43, tauf was very as large 
as +250ppm/degree C, and there was a problem that it was difficult to adjust to the small value of the 
zero neighborhood. 

[0004] this invention solves the above-mentioned trouble and is Qu and epsilonr. And tauf It aims at 
offering the dielectric porcelain constituent and its manufacture method of the simple composition 
which shows high sintered density, maintaining each in the practical property range. 
[0005] 

[Means for Solving the Problem] This invention persons set to the dielectric porcelain constituent of 
simple composition, and are Qu and epsilonr. And tauf Maintaining each in the practical property range 
As a result of examining many things about the composition which shows high sintered density, it is 
Ti02-Sn02. By making it a predetermined composition rate in a system, Qu becomes large by leaps and 
bounds, and tauf finds out the composition range which can be adjusted in the 0 neighborhood, and it 
came to complete this invention. That is, the dielectric porcelain constituent of**** 1 invention is 
empirical-formula (1-x) Ti02-xSn02. It is characterized by the bird clapper from the composition 
expressed with [, however 0. 8 <=x< 1.0]. 

[0006] The manufacture method of the dielectric porcelain constituent **** 2 invention is empirical- 
formula (1-x) Ti02-xSn02. Titanium oxide (IV) powder and tin-oxide (IV) powder are mixed so that it 
may become [, however the composition shown by 0.8 <=x<1.0], temporary quenching and trituration 
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are performed after that, and it fabricates in a predetermined configuration, and, subsequently is 
characterized by calcinating at 1275-1400 degrees C. 

[0007] Empirical-formula (1-x) Ti02-xSn02 It is tauf to have set and to have made the range of x less 
than [ 0.8 or more ] into 1.0 when x is less than 0.8. A positive big value is taken and Qu is from a small 
value being shown relatively (that is, it becoming a big value by leaps and bounds, when x is 0.9.). 
Conversely, when this is 1.0, also in 1400 degrees C, it is because it does not change precisely well. 
Burning temperature was precisely made into the range of 1275-1400 degrees C better [ in low 
temperature ] than 1275 degrees C because a property would deteriorate gradually, if it may not change 
and 1400 degrees C was exceeded conversely. 

[0008] According to the experimental result especially shown in Table 1, by the case (x is 0.9) where 
burning temperature is 1375 degrees C and 1325 degrees C, Qu increased by leaps and bounds. For 
example, x is 0.9, and burning temperature becomes 5040 (7.1GHz), epsilonr =14.0, and tauf 
=+1.2ppm/degree C at 1375 degrees C, and Qu is epsilonr. Although it is a little small, Qu shows 
maximum, and it is tauf. It becomes the zero neighborhood and the extremely excellent balance 
performance is shown. Furthermore, the performance which was excellent while there was 
comparatively little variation in each performance, even if calcinated within the latus temperature 
requirement of 1275-1400 degrees C about burning temperature is shown. 
[0009] 

[Example] Hereafter, an example explains this invention concretely. Ti02 Powder (purity; 99.95%) and 
Sn02 powder (purity; 99.3%) - a start raw material ~ carrying out - empirical-formula (1-x) Ti02- 
xSn02 it becomes the composition from which x changed ~ as - the specified quantity (about 500g as 
the whole quantity) - weighing capacity - it mixed Then, after giving the mixture (20- 30 minutes) and 
primary trituration by dry type by the mixer, temporary quenching was carried out at the temperature of 
1050 degrees C in air atmosphere for 2 hours. Subsequently, the organic binder (29g) and water (400- 
45 Og) of optimum dose were added to this temporary-quenching powder, and the alumina balls of 
20mmphi ground 90 rpm for 23 hours. Then, it corns by freeze-drying (about 0.4 degree of vacuum Torr 
(s), freezing-point-20~40 degree C, drying temperature of 40-50 degrees C, vacuum-drying time about 
20 hours), this raw material by which the granulation was carried out is used, and it is 2 lt/cm. It 
fabricated by press ** in the shape of [ of 19mmphixl lmmt (height) ] a pillar. 

[0010] This Plastic solid is degreased among the atmosphere in 500 degrees C and 3 hours, next, at each 
temperature of the range of 1275-1400 degrees C after that It calcinated for 4 hours, finally the ends side 
was ground in the shape of [ of abbreviation 16mmphix8mmt (height) ] a pillar, and it considered as the 
dielectric sample (No.1-1-1-22, 2-1 to 2-22, and 3-1 to 3-22 of Tables 1-3). In addition, 100 degrees C 
[h ] /and the temperature fall speed of the programming rate [ in / 50 degrees C / h / /and a baking 
process / in a programming rate / in / -200 degrees C / h / /and this degreasing process / programming 
rate / in the above-mentioned temporary-quenching process / in 200 degrees C /h / /and temperature fall 
speed ] ] were -100 degrees C/h. 

[001 1] and parallel about each above-mentioned sample - a conductor - a stencil dielectric pillar 
resonator method (TE01 1 MODE) - Qu and epsilonr And tauf was measured. Sintered density was 
measured by the Archimedes method. In addition, resonance frequency is 2.6-7.1 GHz. Moreover, tauf It 
measured in the 23-80-degree C temperature field, and computed at tauf =(f80-f23)/(f23xdeltaT) and 
deltaT=80 degree-C-23 degree-C=57 degree C. These results are shown in Tables 1-3 (burning- 
temperature; 1275-1400 degrees C) and drawing 1 -4 (burning-temperature; 1375 degrees C). In 
addition, Sn02 When it was powder independent (x is 1.0), at least 1400 degrees C were not sintered. 
[0012] 
[Table 1] 
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Ml [<l-x>TiO,-xSnDi]«8aj6» 



No. 


X 


(t:) 


Qu 
(2.7- 
7. IGIIz) 


e r 


T f 

(ppo/t:) 


<8/cm a ) 


1-1 


0 


14 0 0 


3 5 9 0 


9 7. 1 


+ 5 0 7 


3. 98 


1-2 


0. 1 


14 0 0 


3 5 2 0 


8 4. 8 


+ 4 5 7 


4. 2 2 


1-3 


0. 2 


14 0 0 


3 2 8 0 


7 4. 4 


+ 4 2 3 


4.5 5 


1-4 


0. 3 


14 0 0 


3 4 4 0 


5 8. 7 


+ 3 4 3 


5. 02 


1-5 


0. 4 


14 0 0 


3 4 0 0 


50. 2 


+ 304 


5. 35 


1-6 


0. 5 


14 0 0 


3 3 6 0 


4 2.5 


+ 2 7 5 


5. 5 5 


1-7 


0. 6 


14 0 0 


3 3 0 0 


34. 8 


+ 2 3 2 


5. 86 


1-8 


0. 7 


14 0 0 


3 2 0 0 


27. 3 


+ 17 5 


6. 04 


1-9 


0. 8 


14 0 0 


3 4 9 0 


20. 2 


+ 84. 3 


6. 25 


1-10 


0. 9 


14 0 0 


4 9 7 0 


1 4. 0 


+ 0. 7 


6. 30 


1-11 


1. 0 


14 0 0 




1-12 


0 


13 7 5 


3 7 6 0 


9 7.7 


4- 504 


3. 97 


1-13 


0. 1 


137 5 


3 6 3 0 


84. 5 


+ 4 6 1 


4. 2 1 


1-14 


0. 2 


137 5 


3 4 0 0 


7 4.6 


+ 4 2 2 


4.5 3 


1-15 


0. 3 


1375 


3 5 10 


5 9. 7 


+ 342 


5. 03 


1 -16 


0. 4 


13 7 5 


3 4 10 


5 1.6 


+ 3 19 


5. 28 


1-17 


0. 5 


137 5 


3 4 2 0 


4 3. 3 


+ 28 3 


5. 6 3 


1-18 


0. 6 


13 7 5 


3 3 9 0 


3 5. 0 


+ 2 3 7 


5. 87 


1-19 


0. 7 


13 7 5 


3 2 4 0 


2 7. 5 


+ 18 1 


6. 06 


1 -20 


0. 8 


13 7 5 


3 5 3 0 


2 0. 5 


+ 8 5 


6. 25 


1-21 


0. 9 


13 7 5 


5 0 4 0 


1 4. 0 


+ 1. 2 


6. 30 


1-22 


0. 95 


13 7 5 


4 8 8 0 


8. 5 


-32. 4 


6. 33 



[0013] 
[Table 2] 
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m [U-x)Ti0 3 -iSnO 2 ]f&£ffll£®l 





X 


(t> 


Qu 
(2.6~ 
7. 1GHz) 


asm* 

e r 


T f 


(8/oa 8 ) 


2-1 


0 


13 5 0 


3 6 7 0 


97. 8 


+ 5 0 6 


3. 9 8 


2-2 


0. 1 


13 5 0 


3 6 7 0 


8 4. 5 


+ 4 5 0 


4. 2 1 


2-3 


0. 2 


13 5 0 


3 3 5 0 


7 4. 6 


+ 4 24 


4. 55 


2-4 


0. 3 


13 5 0 


3 3 5 0 


60. 4 


+ 343 


5. 06 


2-5 


0. 4 


13 5 0 


3180 


5 3. 1 


+ 3 34 


5. 3 3 


2-6 


0. 5 


13 5 0 


3 14 0 


4 3. 9 


+ 2 9 2 


5. 6 2 


2-7 


0. 6 


13 5 0 


3 2 10 


34. 9 


+ 2 3 1 


5. 85 


2-8 


0. 7 


13 5 0 


32 10 


2 7. 4 


+ 17 2 


6. 08 


2-9 


0. 8 


13 5 0 


3 3 8 0 


20. 5 


+ 8 3. 4 


6.2 5 


2-10 


0. 9 


13 5 0 


4 0 5 0 


14. 1 


- 1. 3 


6. 3 0 


2-11 


0. 95 


13 5 0 


3 9 2 0 


8. 4 


-2 9.2 


6. 3 2 


2-12 


0 


13 2 5 


3 7 6 0 


97. 9 


+ 5 0 4 


3. 9 7 


2-13 


0. 1 


13 2 5 


3 6 4 0 


84. 0 


+ 453 


4. 2 0 


2-14 


0. 2 


13 2 5 


3 3 7 0 


74. 6 


+ 4 2 2 


4. 5 5 


2-15 


0. 3 


13 2 5 


3 3 3 0 


62. 3 


+ 360 


5. 0 6 


2-16 


0. 4 


13 2 5 


3 3 2 0 


53. 7 


+ 3 3 9 


5. 35 


2-17 


0. 5 


13 2 5 


3 4 2 0 


4 3. 4. 


+ 2 8 9 


5. 6 3 


2-18 


0. 6 


13 2 5 


3 3 3 0 


34. 4 


+ 2 2 5 


5. 8 8 


2-19 


0. 7 


13 25 


3 19 0 


27. 4 


+ 160 


6. 1 3 


2-20 


0. 8 


13 25 


3 3 5 0 


2 0. 6 


+ 82. 5 


6. 34 


2-21 


0. 9 


13 2 5 


4 2 7 0 


14. 3 


- 1. 6 


6. 37 


2-22 


0. 95 


13 2 5 


3 12 0 


8. 0 


-20. 0 


6. 3 0 



[0014] 
[Table 3] 
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3*3 [<l-i)TiO.-iSnO,]tt&fij&tt 



No. 


X 


<r> 


Qu 

(2.6- 
7.0GHz) 


e r 


r f 
(ppm/t) 


(B/co s ) 


3-1 


0 


13 0 0 


3 7 0 0 


9 7.7 


+ 5 10 


3. 9 7 


3-2 


0. 1 


13 0 0 


3 6 5 0 


8 3. 8 


+ 4 5 3 


4. 1 9 


3-3 


0. 2 


13 0 0 


3 3 7 0 


74. 7 


+ 4 3 0 


4. 5 5 


3-4 


0. 3 


13 0 0 


3 3 3 0 


64. 1 


+ 37 5 


5. 04 


3-5 


0. 4 


13 0 0 


3 2 6 0 


54. 1 


+ 342 


5. 33 


3-6 


0. 5 


130 0 


3 3 9 0 


43. 2 


+ 28 3 


5. 62 


3-7 


0. 6 


13 0 0 


3 3 5 0 


34. 2 


+ 2 2 0 


5. 88 


3-8 


0. 7 


13 0 0 


2 8 5 0 


26. 4 


+ 15 4 


6. 0 2 


3-9 


0. 8 


130 0 


3 17 0 


20. 1 


+ 83. 7 


6. 2 1 


3-10 


0. 9 


13 0 0 


3 18 0 


1 3. 8 


- 1. 0 


6. 2 5 


3-11 


0. 95 


13 0 0 


17 7 0 


6. 5 


- 2. 5 


6. 1 0 


3-12 


0 


12 7 5 


3 7 7 0 


9 7.7 


+ 5 0 5 


3. 97 


3-13 


0. 1 


12 7 5 


3 5 10 


8 3. 0 


+ 4 5 4 


4. 15 


3-14 


0. 2 


12 7 5 


3 3 4 0 


75. 1 


+ 430 


4. 55 


3-15 


0. 3 


12 7 5 


3 2 0 0 


65. 0 


+ 38 5 


5. 00 


3-16 


0. 4 


12 7 5 


3 3 2 0 


53. 6 


+ 3 4 1 


5. 3 0 


3-17 


0. 5 


12 7 5 


3 2 6 0 


42. 7 


+ 284 


5. 57 


3-18 


0. 6 


12 7 5 


3 10 0 


3 3. 5 


+ 2 2 0 


5. 80 


3-19 


0. 7 


12 7 5 


2 5 8 0 


26. 2 


+ 15 3 


6. 0 1 


3-20 


0. 8 


12 7 5 


3 0 4 0 


20. 1 


+ 8 1. 1 


6. 1 9 


3-21 


0. 9 


12 7 5 


3 12 0 


13. 6 


+ 0. 1 


6. 18 


3-22 


0. 95 


12 7 5 




5. 94 



[0015] According to these results, by 0.9, Qu increased by leaps and bounds and x carried out (No. 1-21 
of drawin gj_ and Table 1, No.2-21 of Table 2). Moreover, tauf decreased by leaps and bounds, when x 
shown in Tables 1-3 was any of 0.9, it became in degree C and -1.6-+1.2 ppm /, and showed the 
performance which was extremely excellent in the 0 neighborhood. Especially when burning 
temperature was 1375 degrees C and 1325 degrees C, Qu showed respectively the balance performance 
which 14.0, 14.3, and tauf became [ 5040, 4270, and epsilonr ] in +1.2ppm/degree C and degree C and - 
1 .6 ppm /, carried out the whole although epsilonr was eye small **, and was very excellent. 
[0016] When x is 0.8-0.9, for Qu, 1410-5040 (x No.3- of 0.9 10 and x No. of 0.9 3 if -22 is removed 
3040-5040), and epsilonr are 13.6-20.6, and tauf. It becomes in degree C and -1.6-+85 ppm /, and the 
well-balanced performance is shown. Moreover, tauf can be freely adjusted to the value of the 0 
neighborhood. In addition, in this invention, it is not restricted to what is shown in the aforementioned 
concrete example, but can consider as the example variously changed within the limits of this invention 
according to the purpose and the use. 
[0017] 

[Effect of the Invention] The dielectric porcelain constituent of**** 1 invention is Qu and epsilonr. 
And tauf Maintaining each in the practical property range, high sintered density is shown and it is 
simple composition further, moreover - even if it fluctuates various burning temperature in a latus 
temperature requirement according to the manufacture method of **** 2 invention - the above - while 
being stabilized and being able to manufacture a useful dielectric porcelain constituent, tauf can be 
freely adjusted to the 0 neighborhood 
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[Translation done.] 
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